Phorbol ester-stimulated insulin secretion by RINm5F insulinoma cells is linked with membrane depolarization and an increase in cytosolic free Ca2+ concentration.
In studying the regulation of insulin secretion by phorbol esters, we examined their effects on the cytosolic free Ca2+ concentration ([Ca2+]i), using the Ca2+ indicator fura-2 in the rat insulin-secreting beta-cell line RINm5F. [Ca2+]i was measured in parallel with the rate of insulin release. 50 nM 12-O-tetradecanoylphorbol-13-acetate (TPA), which may act via protein kinase C, stimulated insulin release and caused an increase in [Ca2+]i. Ca2+-free conditions eliminated the increase in [Ca2+]i and resulted in a reduced stimulation of insulin release by TPA. The Ca2+ channel blocker nitrendipine (300 nM) inhibited both the increase in [Ca2+]i and the increased rate of insulin secretion. Another phorbol ester, 4 beta-phorbol 12,13-didecanoate, which activates protein kinase C, also induced an increase in [Ca2+]i and in the rate of insulin release, while 4 alpha-phorbol 12,13-didecanoate, which fails to stimulate protein kinase C, was without effect. Further studies with bis-oxonol as an indicator of membrane potential showed that TPA depolarized the beta-cell plasma membrane. From these results, it is concluded that TPA depolarizes the plasma membrane, induces the opening of Ca2+ channels in the RINm5F beta-cell plasma membrane, increases [Ca2+]i, and results in insulin secretion. The action of TPA was next compared with that of a depolarizing concentration of KC1 (25 mM), which stimulates insulin secretion simply by opening Ca2+ channels. TPA consistently elicited less depolarization, a smaller rise of [Ca2+]i, but a greater release of insulin than KC1. Therefore an additional action of TPA is suggested, which potentiates the action of the elevated [Ca2+]i on insulin secretion.